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ABSTRACT 

Recently, an excess of GeV gamma ray near the Galactic Centre has been reported. 
The spectrum obtained can be best fitted with the annihilation of 30 — 40 GeV dark 
matter particles through bb channel. In this letter, I show that this annihilation model 
can also solve the mysteries of heating source in x-ray plasma and the unexpected 
high gamma-ray luminosity. The cross section constrained by these observations give 
excellent agreements with both the predicted range by using Fermi-LAT data and the 
canonical thermal relic abundance cross section. 
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1 INTRODUCTION 


Recently, high energy gamma ray observations reveal some 
excess emissions near the Galactic Centre. These excess 
emissions cannot be easily explained by standard phys¬ 
ical processes. One potential origin of such emissions 
is due to an unusual population of millisecond pulsars 


is due to an unusual p opulation ot millisecond pulsars 
dGordon and M acias I 2013|; lAbazaiian et al.l I2014T ) . How- 
ever. iDavlan et al. I l 20lT point out that the large diffuse 
signal of gamma ray disfavours the possibility of pulsar emis¬ 
sions. Even including both known sources and unidenti¬ 
fied sources, the millisecond pulsars can o nly account no 
more than 10 percent of the GeV excess dHooper et al.l 
2013). In fact, the majority of discussions of the GeV ex¬ 
cess is n ow focused on the annihilation of dark matter 
particle s dGordon and Macias ||2013|; Abazaiian et al. 1120141: 


Da ylan et al. I 20141 : Izaeuirre et al. I ' 20141 : Calore et al. I 

2014l l. It is also because the gamma ray spectrum obtained 


from Fermi-LAT data can be well fitte d with bb annihi¬ 
lation channel of dark m atter particles dAbazaiian et al~l 
120141 : IDavlan et al. I l2014d) . The required cross section and 
rest mass of dark matter particle are < av >= (1.4 — 
7.5) x 10~ 26 cm 3 s~* a nd m Y ~ 30 — 40 GeV respectively 
dAbazaiian et al~ll2014l : rDavlan et al. |[2014h . This cross sec¬ 
tion is consistent with the expected canonical thermal relic 
abundance cross section (< av >~ 3 x 10~ 26 cm 3 s _1 ) 
in cosmology. Furthermore, the inner slope of the radial- 
depedence of the ga mma ray emissions is 7 ~ 1.1 — 1.3 (the 
best fit is 7 = 1.26) l(Davlan et al. l2014h . which is consistent 
with the nu merical simulation of dark matter halo str ucture 
7 = 1 — 1.5 dNavarro et al. Ill997l : iMoore et al. 1J91). 

In this letter, I show that the bb annihilation channel 
can also explain the energy required in x-ray emissions in the 
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Galactic Centre. This evidence can further support the dark 
matter annihilation model and constrain the cross section 
and rest mass of the dark matter particles. 


2 X-RAY EMISSION AT GALACTIC CENTRE 


In the past decade, a large amount of diffuse x-ray 
data had been obt ained by Chandra , BeppoSAX, Suzaku 


and XMM-Newton ( 

Sidoli et al. 1999); Muno et al. 2004j; 

Sakano et al. 20041: 

Uchivama et al. 201311. In particular. 

Muno et al. (2004|) use the data from Chandra to model 


the temperature of the two components within 20 pc as 0.8 
keV (soft component) and 8 keV (hard component). The en¬ 
ergy required to sustain the 0.8 keV and 8 ke V comp one nts 
are 3 x 10 36 erg/s and IQ 40 erg/s re spectively dMuno et al. I 
l2004ll . Later. iBelmont et al. I d2005l l point out that the cool¬ 
ing by adiabatic expansion may not be important if the hard 
component could actually be a gravitationally confined he¬ 
lium plasma. Therefore, the actual energy required for the 
hard component to balance the radi ative coo lin g wou ld be 
(1.4 — 2.6) x 10 36 erg/s within 20 pc dMuno et al. I2004h . but 
not 10 4 ° erg/s. Although supernova explosions are able to 
provide such a high energy, it is not possible for supernovae 
to he at the hard component plasma to such a high tempera¬ 
ture (lUchivama et al. 1120131 b Also, the correlation between 
the hard and soft emission s uggests that t hey a re produced 
by related physical processes dMuno et al. 1120041 ). Therefore, 
the required energy to balance the radiative coolings of both 
soft and hard component might be given by some other ori¬ 
gins. However, there is no widely accepted mechanism to 
heat and sustain the plasma to such a h igh temperautre 
dMuno et al. I [20041 : lUchivama et al.l l2013l i. One potential 
explanation is that the heating might result from the vis- 












































































2 Chan 


cous frictio n on molecular clouds flowing toward the Galac¬ 
tic Centre feelmont et al. Il2005ll . 

Here, I propose that the energy given out by annihila¬ 
tion of dark matter particles can explain the energy require¬ 
ment of both soft and hard components ((4.4 — 5.6) x 10 36 
erg/s) within 20 pc. Although a large amount of energy from 
annihilation is given out in the form of gamma ray which is 
nearly transparent to the plasma, a large amount of high en¬ 
ergy electrons and positrons can also be produced through 
the bb annihilation channel. The spectrum of positron (or 
electro n) energy dN e /dE per one annihilation is s hown in 
Fig. 1 llBorriello et al. I [20091 : ICrocker et al. 1 1201(3') . These 
high energy electrons and positrons would lose their energy 
and give their energy to the plasma mainly by three different 
processes: ionization loss Ei on , synchrotron loss E syn and 
inverse Compt on scattering E ic■ The corresponding energy 
loss rates are llLongair Ill994l l: 

K_t.-7.64x 10-( T ^ =5 ) (31^ + 19. 8 ) .V/., (1) 

K„,6.6xl0-“(-| 5 ) 2 ( T!i A_) a eV/ S , (2) 

and 

Ei C = l- 6 x 10 ~ 9 v |n ^, 3 ) eV/s, (3) 

\m e c 2 / 16 x 10 4 ev/cm A ) 


where U ra d is the radiation energy density, n e and B are the 
number density of electrons and magnetic field strength in 
the plasma respectively. The total number and total energy 
of positrons or electrons produced per one annihilation are 
N e = J(dNJdE)dE « 12 and E = f E{dN e /dE)dE « 
6 — 8 GeV respectively for m x = 30 — 40 GeV. Therefore, 
the average energy for one positron or electron produced 
is E « 0.5 — 0.7 GeV, which gives E/m e c 2 ~ 10 3 . Since 


0.1 cm 3 jMuno et al. 20041) . U ra d ~ 10 4 eV/cm 3 


llWolfire et al. lll990l : lFritz et al. 112014 1 and B ~ 10 4 —10 3 
G in the plasma near the Galactic centre llCrocker et al. I 
l 20 ldf . the total energy loss rate is E = Ei on + E sy n + Eic ~ 
10 —7 —10 ~ 3 eV/s. The cooling rate would first be dominated 
by inverse Compton Scattering and synchrotron loss. When 
the positron or electron is cooled down to about 1 MeV, the 
cooling rate would be dominated by ionization loss. As a 
result, the required cooling time is t c ~ 10 13 — 10 14 s (see 
Fig. 2). 

For the diffusion process of the positrons or electrons, 
let’s first consider the simple random walk model. The 
stopping distance of a high energy p ositron or electron is 
d s ~ y/ r L x etc dBoehm et al. 1 120041 1. where vl = E/eB 
is the Larmor radius. For B ~ 10 -3 G, we have d s < 1 
pc, which is very small compared with the size of our inter¬ 
ested region (20 pc). Therefore, the required cooling time is 
short enough such that the diffusion process is not impor¬ 
tant. Nevertheless. iRegis and Ullio I (l2008ll suggest that the 
amplitude of the random magnetic field and the turbulence 
effect are also important to the diffusion process. This kind 
of diffusion can be described by a diffusion coefficient Kq and 
an index 8. For a large scale (greater than 100 pc), the ranges 
of the values are Ko = 10 27 — 10 3 ° cm 2 s _1 and 5 = 0.3 — 0.6 

llPelahave et al. 120081: IRegis and Ullio |[2008l: lLacroix et al. I 

l2014l b For the innermost region ne ar the Galactic Centre , 
the picture is much more uncertain. IRegis and Ullio 1 (120081 ) 
reveal from the analysis of 7 -ray observations that a signif- 



Figure 1. The energy spectrum of positron produced per one 
annihilation feorriello et al. 1120071) . 


icant reduction of the diffusion coefficient in the inner 10 
pc region is found. They apply two models, namely Kraich- 
nan and Kolmogorov, to obtain the characteristic diffusion 
length df. They get df ~ 10 pc and df ~ 30 pc by using 
the Kraichnan model and Kolmogorov model respectively. 
Therefore, not all of the energy of positrons or electrons is 
lost due to the cooling process during the diffusion within 
df. The diffusi on length for an electr on with initial energy 
Ei is given by dFornengo et al. Il2012l 'l 


d f = 



KpE 5 

E 


1/2 


dE 


(4) 


where Ef is the energy of the electron after the diffusion of 
length df. Let’s consider the lower bounds of the parameters 
from large scale diffusion Ko = 10 27 cm 2 s _1 and <5 = 0.3. 
For Ei = 0.6 GeV and df = 20 pc, we get Ef = 0.2 GeV, 
which means over 65% of the energy would be lost during 
the diffusion process. 

In the following discussion, we first neglect the effect 
of diffusion. The result would not be affected if the simple 
random walk model is the correct diffusion model. However, 
if either of the other two turbulence models is the correct 
diffusion model, the calculated cross section would be at 
most increased by a factor of 1.5. 

The total annihilation rate within R = 20 pc is given 
by 


*(R) = 


f 

Jo 


p 2 < <jv > m x 2 4nr 2 dr , 


(5) 


Here, p is the dark matter density profile, which is assu med 
to be the generalized NFW profile (ICirelli et al. llioiih : 


(r V 7 

1 + (r/r a ) 

v r ®/ 

1 + (r 0 /r s )_ 


— 3+7 


( 6 ) 


where p 0 = 0.3 GeV/cm 3 , r 0 = 8.5 kpc and r s = 20 
kpc. In our calculations, we assume 7 = 1.26, which is the 
best fit of the observ ed gamma ray spectrum by Fermi-LAT 
dPavIan et al. I12014T ). The total energy loss due to electron- 
positron pairs is ~ 2 'b(R) x E. Since the energy required to 
sustain the soft and hard components is (4.4 — 5.6) x 10 36 
erg/s, we can constrain the parameter space of m x and 























































Figure 2. The energy of a positron or electron as a function of 
time during cooling process for B = 10“ 3 G and U ra d = 6 x 10 4 
eV/cm 3 . We have assumed n e = 0.1 cm -3 and E = 0.6 GeV 
initially. 


< av > by using Eq. (5) (see Fig. 3). In the plot, we 
see that the allowed parameter space falls within the range 
predicted by the annihilation model from Fermi-LAT data 

< av >= (1.4-7.5) x 10“ 26 cm 3 s _1 for m x = 30-40 GeV. 

For consistency checking, the above result also agrees 
with the total luminosity of gamma ray with en¬ 
ergy greater than 500 MeV within R! = 30 pc in 

the Galactic Centre detected by the EGRET tele scope 
llMaver-Hasselwander et al. IllOol ICheng et al. Il2006l l. The 
total energy released per one annihilation is given by: 


r R' 


E = 2m x 1 c 2 


p 2 < av > 4nr 2 dr. 


(7) 


Since the energy car ried by neutrinos is negligible 


dBergstrom et al. 1 120051 '), by using the predicted range of 
< av >~ (2 — 4) x 10- 26 cm 3 s -1 from x-ray emission and 
m x = 30 — 40 GeV, the total luminosity of gamma ray is 
E~f « E — 2'h{R')E « (2.0 — 2.7) x 10 37 erg/s, which agrees 
with the detected luminosity L = (2.2 ± 0.2) x 10 37 erg/s 



Figure 3. The parameter space constrained by the energy emit¬ 
ted from x-ray plasma is bounded by the solid lines (simple 
random walk diffusion model) and the dashed lines (turbulence 
model, assumed only 65% of the energy is lost during the diffusion 
process). The dotted lines are the lower and upper limits of cross 
sections obtained from the GeV excess spectrum by u sing the 
Fermi-LAT data dAbazaiian et aj~ll2014l : iDavlan et al. lEjO 14l'l . 


energy positrons would annihilate with electrons to produce 
511 keV emission line). Therefore, the number density of 
high energy positrons within 20 pc is n e + ~ 10 -8 — 10 


-7 

-3 


cm 3 . Since the electron number density is n e ~ 0.1 cm 
( Muno et al. Ii2004 l. the positron to electron ratio becomes 
~ 10 ' — 10 —6 , which gener al agrees with t h e rec ent analy¬ 
sis in interstellar medium (IVecchio et al. I l2013i l. Further¬ 
more, this range of ratio can produce the observed 511 
keV luminosity by the accretion of intergalactic material 
(jVecchio et al. 1120131 ’). 

To conclude, we can notice that all the above evidences 
give a self-consistent picture in the Galactic Centre and 
strongly support the annihilation dark matter model. The 
rest mass and the cross section could probably be verified 
by the Large Hadron Collider Experiment in the future. 


dMaver-Hasselwander et al. 119981 4. 
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3 DISCUSSION 

In this letter, we show that the annihilation of dark matter 
particles can satisfactorily explain the energy source of soft 
and hard components of hot plasma. The cross section and 
rest mass of dark matter particles calculated are consistent 
with the gamma ray observations and give excellent agree¬ 
ment with the prediction from the bb annihilation model 
based on the data from Fermi-LAT. The predicted cross sec¬ 
tion in our calculations (< av >~ (2 — 6) x 10 -26 cm 3 s _1 ) 
satisfies all the constraints from cosmic microwave back¬ 
ground and low-redshift data dMadhavacheril et al. I [201414 . 
and also agrees with the canonical thermal relic abundance 
cross section in cosmology < av >« 3 x 1CV 26 cm 3 s _1 
IlLopez-Honorez et al. I12013T) . 

In this model, the total number of positrons produced 
per one annihilation is ~ 10. For r ^ 20 pc, we have 
~ 10 38 s _1 . Since a positron takes ~ 10 13 — 10 14 s to 
loss all its energy, we predict that the total number of high 
energy positrons within 20 pc is about 10 52 — 10 53 (the low 
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